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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell 
system capable of starting a fuel cell even in a low 
temperature environment. 
SOLUTION: The fuel cell system comprises an 
outside air temperature detecting means 25 for 
detecting an outside air temperature in the vicinity of 
the fuel cell 1 , an outside air temperature forecast 
means S1 1 for forecasting the transition of the 
outside air temperature based on the changes of the 
outside air temperature detected by the outside air 
temperature detecting means 25 after the stop of the 
fuel cell 1 , a freeze determination means S 12 for 
determining whether or not the forecast outside air 
temperature forecast by the outside air temperature 
means S 1 1 drops below a prescribed water freezing temperature, and a freeze prevention 
means S14 for preventing the freezing of water inside the fuel cell when the forecast 
outside air temperature is determined to drop below the prescribed water freezing 
temperature by the freeze determination means S 12. The outside air temperature forecast 
means S11 time-differentiates the change of the outside air temperature and forecasts by 
computing the transition of the outside air temperature. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the fuel cell system which has the fuel cell (1) which generates electrical energy by the chemical 
reaction of hydrogen and oxygen, 

An outside-air-temperature detection means to detect the outside air temperature near [ said ] the fuel 
cell (Tn) (25), 

An outside-air-temperature prediction means to predict transition of said outside air temperature 
based on change of said outside air temperature detected with said outside-air-temperature detection 
means (25) after the halt of said fuel cell (1) (SI 1), 

A freezing judging means to judge whether the prediction outside air temperature (Tn+1) by said 
outside-air-temperature prediction means (SI 1) is less than the predetermined freezing temperature 
which moisture freezes (SI 2), 

The fuel cell system characterized by having an anti-freeze processing means (SI 4) to prevent that 
moisture freezes inside said fuel cell (1) when judged with said prediction outside air temperature 
being less than said predetermined freezing temperature with said freezing judging means (S12). 
[Claim 2] 

Said outside-air-temperature prediction means (SI 1) is a fuel cell system according to claim 1 
characterized by carrying out time amount differential of the change of said outside air temperature, 
and carrying out the prediction operation of the transition of said outside air temperature. 
[Claim 3] 

The fuel cell system according to claim 1 or 2 characterized by ending prediction of the outside air 
temperature by said outside-air-temperature prediction means (SI 1) when judged with said 
prediction outside air temperature being less than said predetermined freezing temperature. 
[Claim 4] 

The off-gas circulation path of carrying out recycling of the off-gas containing the unreacted 
hydrogen discharged from said fuel cell (1) to said fuel cell (1) (15), 

It is prepared in said off-gas circulation path (15), and has a pump means (16) to feed the gas within 
said off-gas circulation path (15), 

Said anti-freeze processing means (S14) is claim 1 characterized by preventing that moisture freezes 
inside said off-gas circulation path (15) and said pump means (16) thru/or the fuel cell system of any 
one publication of three. 
[Claim 5] 

It is prepared in said off-gas circulation path (15), and has the vapor-liquid-separation machine (17) 
which carries out separation removal of the moisture contained in the gas which passes said off-gas 
circulation path (15), 

Said anti-freeze processing means (SI 4) is a fuel cell system according to claim 4 characterized by 
starting said pump means (16) when judged with said prediction outside air temperature being less 
than said predetermined freezing temperature. 
[Claim 6] 

It has the pressure sensor (24) which detects the pressure within said off-gas circulation path (15), 
The fuel cell system of any one publication of claim 4 characterized by amending said predetermined 
freezing temperature based on the pressure within said off-gas circulation path (15) detected with 
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said pressure sensor (24), or claim 5. 
[Claim 7] 

It has a moisture concentration detection means (23) to detect the moisture concentration in said off- 
gas, 

Claim 1 characterized by ending said anti-freeze processing means (SI 7) when the moisture 
concentration in said off-gas detected with said moisture concentration detection means (23) 
becomes below a predetermined value thru/or the fuel cell system of any one publication of six, 
[Claim 8] 

The bulb for reduced pressure which is prepared in the hydrogen supply path (11) which supplies 

hydrogen to said fuel cell (1), and opens and closes said hydrogen supply path (11) (27), 

It is prepared in the downstream of said pump means (16) in said off-gas circulation path (15), and 

has the discharge path (19) which discharges outside the gas breathed out from said pump means 

(16), 

Said anti-freeze processing means (SI 4) is claim 4 characterized by discharging the gas within said 
off-gas circulation path (15) outside through said discharge path (19) with said pump means (16) 
while blockading passage by said hydrogen bulb for reduced pressure (27) thru/or the fuel cell 
system of any one publication of seven. 
[Claim 9] 

Said vapor-liquid-separation machine is claim 4 characterized by being that by which a rotation drive 
is carried out with the driving shaft (28c) of said pump means (28) while being a centrifugal 
separation type thru/or the fuel cell system of any one publication of eight. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention applies [ to mobiles, such as a car, a vessel, and a portable electric organ, ] about the 
fuel cell system which consists of a fuel cell which carries out electrical energy generating by the 
chemical reaction of hydrogen and oxygen and is effective. 
[0002] 

[Description of the Prior Art] 

The fuel cell system conventionally equipped with the fuel cell which generates electricity using the 
electrochemical reaction of hydrogen and oxygen (air) is known. For example, it is necessary to 
make the polyelectrolyte film into a damp or wet condition in the polyelectrolyte mold fuel cell 
considered as driving sources for cars etc. 
[0003] 

[Problem(s) to be Solved by the Invention] 

When the car which carried such a fuel cell is suspended under a low-temperature environment, the 
moisture which exists in a fuel cell and a reactant gas path may freeze. Moreover, the moisture 
which remained on a pump or bulbs may freeze in the fuel cell system which carries out recycling of 
the unreacted hydrogen (off-gas) discharged from a fuel cell to a fuel cell using a pump. 
[0004] 

In case a fuel cell is started under such a low-temperature environment, there is a problem that a fuel 
cell cannot be started with inhibition of advance and attainment of the reactant gas (hydrogen and 
air) to the electrolyte membrane by freezing, the blinding of a reactant gas path, the lock of a pump, 
etc. 
[0005] 

This invention aims at providing the bottom of a low-temperature environment with the fuel cell 

system which can start a fuel cell in view of the point describing above. 

[0006] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, in invention according to claim 1 An outside-air- 
temperature detection means to be the Aiel cell system which has the fuel cell (1) which generates 
electrical energy, and to detect the outside air temperature near the fuel cell by the chemical reaction 
of hydrogen and oxygen (25), An outside-air-temperature prediction means to predict transition of 
outside air temperature based on change of the outside air temperature detected with the outside-air- 
temperature detection means (25) after the halt of a fuel cell (1) (SI 1), A freezing judging means to 
judge whether the prediction outside air temperature by the outside-air-temperature prediction means 
(SI 1) is less than the predetermined freezing temperature which moisture freezes (SI 2), When 
judged with prediction outside air temperature being less than predetermined freezing temperature 
with a freezing judging means (SI 2), it is characterized by having an anti-freeze processing means 
(S14) to prevent that moisture freezes inside a fuel cell (1). 
[0007] 

Thus, by performing anti-freeze processing, when transition of outside air temperature is predicted 
and freezing is predicted, in case fuel cell starting is carried out next time, it can prevent that it 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/25/2006 



JP,2004-022198,A [DETAILED DESCRIPTION] 



Page 2 of 7 



becomes impossible to start a fuel cell by moisture freezing. Moreover, it can prevent consuming the 
power for performing anti-freeze processing vainly by performing anti-freeze processing, only when 
transition of outside air temperature is predicted and freezing is predicted. 
[0008] 

Moreover, like invention according to claim 2, an outside-air-temperature prediction means (SI 1) 
can carry out time amount differential of the change of outside air temperature, and can carry out the 
prediction operation of the transition of outside air temperature. 
[0009] 

Moreover, in invention according to claim 3, when judged with prediction outside air temperature 
being less than predetermined freezing temperature, it is characterized by ending prediction of the 
outside air temperature by the outside-air-temperature prediction means (SI 1). Thereby, useless 
power consumption can be prevented. 
[0010] 

Moreover, the off-gas circulation path of carrying out recycling of the off- gas which contained the 
unreacted hydrogen discharged from a fuel cell (1) in invention according to claim 4 to a fuel cell (1) 
(15), It is prepared in an off-gas circulation path (15), and has a pump means (16) to feed the gas 
within an off-gas circulation path (15). An anti-freeze processing means (S14) It is characterized by 
preventing that moisture freezes inside an off-gas circulation path (15) and a pump means (16). 
[0011] 

Moreover, in invention according to claim 5, it is prepared in an off-gas circulation path (15), and 
has the vapor- liquid-separation machine (17) which carries out separation removal of the moisture 
contained in the gas which passes an off-gas circulation path (15), and the anti-freeze processing 
means (SI 4) is characterized by starting a pump means (16), when judged with prediction outside air 
temperature being less than predetermined freezing temperature. 
[0012] 

The moisture in the gas which circulates through an off-gas circulation path (15) and a fuel cell (1) 
can be removed by this, and the moisture inside the interior of a fuel cell (1) and piping (15) and a 
pump (16) can be removed. 
[0013] 

Moreover, in invention according to claim 6, it has the pressure sensor (24) which detects the 
pressure of off-gas, and is characterized by amending predetermined freezing temperature based on 
the pressure of the off-gas detected with the pressure sensor (24). Thereby, freezing temperature can 
be judged correctly. 
[0014] 

Moreover, in invention according to claim 7, it has a moisture concentration detection means (23) to 
detect the moisture concentration in off-gas, and when the moisture concentration in the off-gas 
detected with the moisture concentration detection means (23) becomes below a predetermined 
value, it is characterized by ending an anti-freeze processing means (SI 7). Thereby, useless power 
consumption can be prevented. 
[0015] 

Moreover, the bulb for reduced pressure which is prepared in the hydrogen supply path (11) which 
supplies hydrogen to a fuel cell (1) in invention according to claim 8, and opens and closes a 
hydrogen supply path (11) (27), It is prepared in the downstream of the pump means (16) in an off- 
gas circulation path (15). It has the discharge path (19) which discharges the gas breathed out from a 
pump means (16). An anti-freeze processing means (S14) While blockading a hydrogen supply path 
(1 1) by the hydrogen bulb for reduced pressure (27), it is characterized by discharging the gas within 
an off-gas circulation path (15) through a discharge path (19) with a pump means (16). 
[0016] 

Thereby, between the bulb for reduced pressure (27) and pump means (16) can be decompressed, 
reduced pressure ebullition of the moisture which exists in the meantime can be carried out, and it 
can be discharged outside. 
[0017] 

Moreover, in invention according to claim 9, it is characterized by a vapor-liquid-separation machine 
being that by which a rotation drive is carried out with the driving shaft (28c) of a pump means (28) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/25/2006 



JP,2004-022198,A [DETAILED DESCRIPTION] 



Page 3 of 7 



while being a centrifugal separation type. Thus, by performing vapor liquid separation using the 
rotational motion force, vapor liquid separation can be performed more effectively. Moreover, since 
it becomes unnecessary to be able to unify a pump means and a vapor- liquid-separation machine by 
such configuration, and to form a vapor-liquid-separation machine independently, it becomes 
possible to miniaturize a fuel cell system. 
[0018] 

In addition, the sign in the parenthesis of each above-mentioned means shows correspondence 
relation with the concrete means of a publication to the operation gestalt mentioned later. 
[0019] 

[Embodiment of the Invention] 
(The 1st operation gestalt) 

Hereafter, the 1st operation gestalt of this invention is explained based on drawing 1 - drawing 4 . 
The fuel cell system of a **** 1 operation gestalt can be used suitable for the electric vehicle (fuel 
cell car) which runs a fuel cell as a power source. 
[0020] 

Drawing 1 shows the whole fuel cell system configuration of a **** 1 operation gestalt. A fuel cell 
(FC stack) 1 generates power using the electrochemical reaction of hydrogen and oxygen. The solid- 
state polyelectrolyte mold fuel cell is used as a fuel cell 1, two or more laminatings of the eel used as 
a base unit are carried out, and it consists of **** 1 operation gestalten. Each eel has the composition 
that the electrolyte membrane was inserted with the electrode of a pair. The fuel cell 1 is constituted 
so that power may be supplied to electrical machinery and apparatus which are not illustrated, such 
as a drive motor and a rechargeable battery. In a fuel cell 1, by supplying hydrogen and air (oxygen), 
the electrochemical reaction of the following hydrogen and oxygen occurs and electrical energy 
occurs. 

(Hydrogen pole side) H2->2H-H-2e - 
(Oxygen pole side) 2H++l/202+2e-->H20 

Like [ both ] the after-mentioned, the hydrogen and air which generation water generates according 
to this electrochemical reaction and which were humidified by the fuel cell 1 are supplied, and the 
water of condensation is generated inside a fuel cell. For this reason, in the fuel cell 1 interior, 
moisture will exist in the hydrogen path which hydrogen passes, and the air path which air passes. 
[0021] 

The air supply path 10 for supplying air (oxygen) to the oxygen pole (positive electrode) side of a 
fuel cell 1 and the hydrogen supply path 1 1 for supplying hydrogen to the hydrogen pole (negative 
electrode) side of a fuel cell 1 are formed in the fuel cell system. Air (oxygen) is supplied to the air 
supply path 10 from the air supply equipment which is not illustrated, and hydrogen is supplied to 
the hydrogen supply path 1 1 from the hydrogen feeder 12. The reformer which generates hydrogen 
by the hydrogen tank filled up with high-pressure hydrogen as a hydrogen feeder 12 or the reforming 
reaction can be used, and the high-pressure hydrogen tank is used with the **** 1 operation gestalt. 
[0022] 

For the above-mentioned electrochemical reaction, the electrolyte membrane in a fuel cell 1 needs to 
be a damp or wet condition containing moisture. For this reason, the humidifier which is not 
illustrated for humidifying the air and hydrogen which are supplied to a fuel cell 1 is formed in the 
air supply path 10 and the hydrogen supply path 1 1 . 
[0023] 

The hydrogen supply bulb 13 which starts and suspends the hydrogen supply from the hydrogen 
feeder 12, and the regulator 14 which adjusts the hydrogen amount of supply are formed in the 
downstream of the hydrogen feeder 12 in the hydrogen supply path 11. 
[0024] 

The off-gas circulation path 15 for carrying out recycling of the off-gas which contains in a fuel cell 
system the unreacted hydrogen discharged from a fuel cell 1 to a fuel cell 1 is established. The off- 
gas circulation path 15 is constituted so that the off-gas discharged from the hydrogen outlet of a fuel 
cell 1 may be made to join the downstream of the regulator 14 in the hydrogen supply path 1 1 . 
[0025] 

The off-gas pump (pump means) 16 which carries out the pressure up of the off-gas, and is made to 
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circulate through the off-gas circulation path 15 is formed in the off-gas circulation path 15. the 
motor driven compressor is used as an off-gas pump 16, and it consists of**** 1 operation gestalten 
so that the pressure up of the until [ comparable ] off-gas may be carried out to the high-pressure 
hydrogen supplied from the hydrogen feeder 12. 

Moreover, the vapor-liquid-separation machine 17 as a moisture removal means which carries out 
separation removal of the moisture contained in off-gas prepares in the upstream of the off-gas pump 
16 in the off-gas circulation path 15, and it is ********. The moisture separated with the vapor- 
liquid-separation vessel 17 is discharged by opening the moisture draining valve 18. 
[0026] 

The discharge path 19 for making off-gas discharge outside is branched and formed in the 
downstream of the off-gas pump 16 in the off- gas circulation path 15. The off-gas draining valve 20 
and the off-gas processing section 21 are formed in the discharge path 19. Usually, although the off- 
gas draining valve 20 is closed and a fuel cell 1 is made to circulate through off-gas through the off- 
gas circulation path 15, when the hydrogen concentration in off-gas becomes low, the off-gas 
draining valve 20 is opened at the time, and it discharges off-gas outside. At this time, off-gas is 
discharged, after being processed in the off-gas processing section 21. 
[0027] 

The check valve 22 for preventing the back flow of off-gas is formed in the downstream from the 

branch point of the discharge path 19 in the off-gas circulation path 15. 

[0028] 

The moisture concentration sensor (moisture concentration detection means) 23 which detects the 
moisture concentration in off-gas (humidity), the pressure sensor 24 which detects the pressure of 
off-gas, and the outside-air-temperature sensor (outside-air-temperature detection means) 25 which 
detects about one- fuel cell outside air temperature are formed in the fuel cell system of a **** 1 
operation gestalt. These sensor signals are inputted into an electronic control 26. 
[0029] 

Drawing 2 shows I/O of the signal in an electronic control (ECU) 26. As shown in drawing 2 , while 
the sensor signal of the moisture concentration sensor 23, a pressure sensor 24, and the outside-air- 
temperature sensor 25 is inputted into an electronic control 26, a control signal is outputted to the 
hydrogen supply bulb 13, the moisture draining valve 18, the off-gas draining valve 20, and the off- 
gas pump 16. 
[0030] 

Moreover, a fuel cell 1 produces generation of heat with a generation of electrical energy. For this 
reason, the cooling system which is not illustrated is prepared in the fuel cell system so that a fuel 
cell 1 may be cooled and operating temperature may be maintained at optimal temperature (about 80 
degrees C). 
[0031] 

Hereafter, it is based drawing 3 and anti-freeze control of the fuel cell system of the above- 
mentioned configuration is explained. Drawing 3 is a flow chart which shows the anti-freeze control 
flow which an electronic control 26 performs. 
[0032] 

Anti-freeze control is started by halt of a fuel cell 1. At this time, moisture remains inside the fuel 

cell 1 interior and piping etc. 

[0033] 

First, the outside-air-temperature sensor 25 detects outside air temperature Tn (S10). Detection of 
this outside air temperature Tn is performed a predetermined period (for example, several minute 
spacing). Next, transition forecast Tn+1 of outside air temperature is computed (SI 1). 
[0034] 

Drawing 4 is drawing for explaining outside-air-temperature transition prediction. In drawing 4 , last 
time, at the time of measurement, the outside air temperature of tn-1 and Tn show the outside air 
temperature of tn, and, in Tn-1, Tn+1 shows the outside air temperature of tn+1 next time now at the 
time of measurement. As for Tn-1 and Tn, an actual measurement and Tn+1 are forecasts. 
[0035] 

As shown in drawing 4 , it is thought that the outside air temperature which changes in connection 
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with time amount changes with fixed rate of change (inclination). Therefore, the prediction operation 
of outside-air-temperature Tn+1 of tn+1 can be carried out next time at the time of measurement by 
asking for the outside-air-temperature change (inclination) to tn from tn-1 last time now at the time 
of measurement. 
[0036] 

It can ask for the outside-air-temperature change (inclination) to tn by carrying out time amount 
differential like the following formula 1 from tn-1 last time now at the time of measurement. 
[0037] 
[Equation 1] 

dT/dt=(Tn-Tn- 1 )/(tn-tn- 1 ) 

Outside-air-temperature Tn+1 of tn+1 can apply and ask the present atmospheric temperature Tn 
abroad for the amount dt of outside-air-temperature change prediction (Tn-Tn -1) (/(tn-tn -1)) like 
the following formula 2 next time at the time of measurement. 
[0038] 
[Equation 2] 

Tn+l=Tn+((Tn-Tn-l)/(tn-tn-l))dt 

Next, it judges whether outside-air-temperature prediction temperature Tn+1 is less than freezing 

temperature Ti 1 (SI 2). Since freezing temperature Ti is changed with a pressure, freezing 

temperature Ti' amended using the pressure P of the off-gas detected by the pressure sensor 24 like 

the following formula 3 is used. However, k is taken as a correction factor. 

[0039] 

[Equation 3] 

Ti'=Ti+TixPxk 

When judged with outside-air-temperature prediction temperature Tn+1 having exceeded freezing 
temperature Ti' at step S12, an outside-air-temperature prediction judging is repeated and is 
performed until outside-air-temperature prediction temperature Tn+1 is less than freezing 
temperature Ti'. On the other hand, when judged with outside-air-temperature prediction temperature 
Tn+1 being less than freezing temperature Ti 1 , the prediction judging of outside air temperature is 
ended (SI 3), and anti-freeze processing is performed (SI 4). 
[0040] 

The drive of the off-gas pump 16 is started and, specifically, off-gas is circulated in order of the 
hydrogen pole of the off-gas circulation path 15 -> hydrogen supply path 1 1 -> fuel cell 1 . The off- 
gas pump 16 is driven with the power from the rechargeable battery which is not illustrated. The 
moisture contained in off- gas is recovered by the vapor-liquid-separation machine 17, and the 
moisture in off-gas decreases gradually. Thereby, the moisture of the fuel cell 1 interior, piping 11, 
and the 15 and off-gas pump 16 interior is removable. 
[0041] 

Since the steam partial pressure is low under the low-temperature environment at this time, moisture 
separation from off-gas with the vapor- liquid-separation machine 17 can be performed effectively. 
[0042] 

Next, the moisture concentration sensor 23 detects the moisture concentration Hu in off-gas (SI 5), 
and it judges whether the moisture concentration Hu is below predetermined concentration (SI 6). If 
predetermined concentration is less than [ it ], it is moisture concentration to which freezing does not 
take place, and can be set as arbitration for every system. Consequently, when the moisture 
concentration Hu is higher than predetermined concentration, the above-mentioned anti-freeze 
processing is performed succeedingly. On the other hand, when the moisture concentration Hu is 
below predetermined concentration, the off-gas pump 16 is suspended and anti-freeze processing is 
ended (SI 7). 
[0043] 

Since according to the above configuration moisture removal of the fuel cell 1 interior and piping 1 1 , 
and the 15 and off-gas pump 16 interior is performed as anti-freeze processing when transition of 
outside air temperature is predicted and freezing is predicted, moisture removal can be performed 
before moisture freezes. Thereby, in case fuel cell starting is carried out next time, it can prevent that 
it becomes impossible to start a fuel cell 1 by moisture freezing. 
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[0044] 

Moreover, since anti-freeze processing is performed only when transition of outside air temperature 
is predicted with a **** 1 operation gestalt and freezing is predicted, it can prevent consuming the 
power for performing anti-freeze processing vainly. Furthermore, when freezing is not predicted, 
since moisture removal is not performed, the electrolyte membrane of a fuel cell 1 can be made into 
a damp or wet condition, and it is not necessary to make an electrolyte membrane into a damp or wet 
condition next time at the time of starting. 
[0045] 

In addition, the above-mentioned step SI 1 is equivalent to the outside-air-temperature prediction 
means of this invention, the above-mentioned step S12 is equivalent to the freezing judging means of 
this invention, and the above-mentioned step S14 is equivalent to the anti-freeze processing means of 
this invention. 
[0046] 

(The 2nd operation gestalt) 

Next, the 2nd operation gestalt of this invention is explained based on drawing 5 . The same part as 
the above-mentioned 1st operation gestalt attaches the same sign, omits explanation, and explains 
only a different point. 
[0047] 

Drawing 5 shows the whole fuel cell system configuration of a **** 2 operation gestalt. As shown in 
drawing 5 , with the **** 2 operation gestalt, the bulb 27 for reduced pressure which opens and 
closes passage is formed in the fuel cell 1 upstream in the hydrogen supply path 1 1 . 
[0048] 

Between the bulb 27 for reduced pressure and the off-gas pumps 16 can be decompressed by closing 
the bulb 27 for reduced pressure, opening the off-gas draining valve 20 wide, and starting the off-gas 
pump 16 by such configuration, in case anti-freeze processing of the above-mentioned step S14 is 
performed. Thereby, the moisture of the fuel cell 1 and off-gas pump 16 interior carries out reduced 
pressure ebullition, is exhausted outside, and can remove effectively the moisture of the fuel cell 1 
and off-gas pump 16 interior. 
[0049] 

(The 3rd operation gestalt) 

Next, the 3rd operation gestalt of this invention is explained based on drawing 6 . The same part as 
the above-mentioned 1 st operation gestalt attaches the same sign, omits explanation, and explains 
only a different point. 
[0050] 

Drawing 6 shows the configuration of the off-gas pump 28 of a **** 3 operation gestalt, and the 
sectional view of an off-gas pump, drawing 6 (b), and (c) of drawing 6 (a) are the top views of a 
rotation plate. 
[0051] 

As shown in drawing 6 (a), a cyclone-type vapor-liquid-separation machine is unified and the off-gas 
pump 28 of a **** 3 operation gestalt is constituted. Driving shaft 28c of motor 28b which drives 
rotating type pump 28a is equipped with rotation plate 28d for vapor liquid separation. Inhalation 
opening 28e of off-gas is prepared on the shaft of driving shaft 28c. 
[0052] 

The flat configuration shown in drawing 6 (b) or the hole vacancy configuration shown in drawing 6 
(c) can cost rotation plate 28d. In the case of the flat configuration of drawing 6 (b), the pressure loss 
at the time of an off-gas collision is large, but the vapor-liquid-separation effectiveness is high, and 
although the pressure loss at the time of an off-gas collision is small when it is the hole vacancy 
configuration of drawing 6 (c), it has the description that the vapor-liquid-separation effectiveness is 
low. 
[0053] 

The off-gas A containing the gas component B, and a drop and a steam component C is introduced 
by the pump action from inhalation opening 28e, and collides with rotation plate 28d by it. At this 
time, the pressure up of the gas component B with small inertial force is inhaled and carried out into 
pump 28a, and it is discharged from 28f of exhaust ports. On the other hand, the drop component and 
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the steam component B with large inertial force collide with rotation plate 28d, and is carried out in 
the direction of a container wall by the centrifugal force separation and a trap. The separated 
moisture is stored caudad and discharged by opening 28f of moisture draining valves. 
[0054] 

Thus, by using the cyclone type vapor-liquid-separation machine equipped with rotation plate 28d 
driven by motor 28b, moisture removal can be more effectively performed out of off-gas. Moreover, 
it becomes possible for it to become unnecessary to form a vapor-liquid-separation machine 
independently, and to miniaturize a fuel cell system by uniting a vapor-liquid-separation machine 
with the off-gas pump 28. 
[0055] 

(Other operation gestalten) 

In addition, although it calculated and asked for correction value Ti 1 of freezing temperature with 
each above-mentioned operation gestalt based on the pressure P of off-gas, relation between not only 
this but the pressure P and correction value Ti 1 of freezing temperature is map-ized beforehand, and 
you may make it ask for correction value Ti 1 of freezing temperature from a pressure P based on this 
map. 
[0056] 

Moreover, although it constituted from each above-mentioned operation gestalt so that the vapor- 
liquid-separation machine 17 might remove moisture as an anti-freeze processing means, the water 
adsorption equipment which carries out adsorption treatment of the moisture for example, not only 
by this but by water adsorption material (silica gel, activated carbon, etc.) may be used. Or you may 
constitute so that a dry gas (for example, dry air, desiccation hydrogen) may be supplied to a fuel cell 
1, for example and moisture may be removed. 
[0057] 

Moreover, the moisture by which separation recovery was carried out with the vapor-liquid- 
separation vessel 17 may be used as the cooling water of a fuel cell system, or water for 
humidification. 

[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing the whole fuel cell system configuration of the 1 st 
operation gestalt. 

[Drawing 2] It is the block diagram showing I/O of an electronic control. 
[Drawing 3] It is the flow chart which shows anti-freeze control. 

[Drawing 4] It is a property Fig. for explaining outside-air-temperature transition prediction. 
[Drawing 5] It is the conceptual diagram showing the whole fuel cell system configuration of the 2nd 
operation gestalt. 

[Drawing 6] (a) is the sectional view of the off-gas pump of the 3rd operation gestalt, and (b) and (c) 
are the top views of rotation Rota. 
[Description of Notations] 

1 [ — A hydrogen supply bulb 14 / — A regulator, 15 / - An off-gas circulation path, 16 / - An off- 
gas pump, 17 / — A vapor-liquid-separation machine, 23 / — A moisture concentration sensor, 24 / — 
A pressure sensor, 25 / — An outside-air-temperature sensor, 26 / — Electronic control. ] — A fuel 
cell, 1 1 - A hydrogen supply path, 12 - A hydrogen feeder, 13 
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* NOTICES * 
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precisely. 
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[Drawing 1] It is the conceptual diagram showing the whole fuel cell system configuration of the 1st 
operation gestalt. 

[Drawing 2] It is the block diagram showing I/O of an electronic control. 
[Drawing 3] It is the flow chart which shows anti-freeze control. 

[Drawing 4] It is a property Fig. for explaining outside-air-temperature transition prediction. 
[Drawing 5] It is the conceptual diagram showing the whole fuel cell system configuration of the 2nd 
operation gestalt. 

[Drawing 6] (a) is the sectional view of the off-gas pump of the 3rd operation gestalt, and (b) and (c) 
are the top views of rotation Rota. 
[Description of Notations] 

1 [ — A hydrogen supply bulb 14 / — A regulator, 15 / — An off-gas circulation path, 16 / — An off- 
gas pump, 17 / — A vapor-liquid-separation machine, 23 / — A moisture concentration sensor, 24 / — 
A pressure sensor, 25 / — An outside-air-temperature sensor, 26 / — Electronic control. ] — A fuel 
cell, 1 1 — A hydrogen supply path, 12 — A hydrogen feeder, 13 
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